Abstract: High-resolution ultraviolet spectroscopy of two chemically peculiar hot subdwarfs, PG 0909+276 and UVO 0512-08, has been obtained using the Hubble Space Telescope. Chemical abundances in the stars' atmospheres were measured from previous optical spectra and from the new ultraviolet observations. Iron-group metals, including cobalt, copper and zinc, are highly enriched relative to typical subdwarf B (sdB) stars. Lead is also enriched, but with an abundance similar to other sdB stars. The surface chemistry of these two stars is quite distinct from both hydrogen-rich normal sdB stars and also from the intermediate helium-rich sdB stars which show heavy-element superabundances. A full explanation for exotic chemistries in hot subdwarfs remains elusive.
Introduction
Stars with surface temperatures greater than 25 000 K and surface gravities higher than hydrogen-burning mainsequence stars but lower than white dwarfs are known as hot subdwarfs, or hot subluminous stars. Those with spectral type B, or sdB stars, have strong Balmer lines, weak neutral helium lines and no ionized helium lines. Evidence from parallaxes, sdB stars in binaries, and pulsating sdB stars, implies that most have masses M < 0.5M ⊙ Arguments from stellar structure theory imply that most comprise a helium burning core surrounded by an inert hydrogen skin that cannot sustain fusion. With effective temperatures 20 < T e /kK < 35 and surface gravities 5.5 < log g/cm s −2 < 6.5, the majority lie on or near the blue end of the extreme horizontal branch on a HertzsprungRussell diagram (Heber 2016 ) and are extremely heliumpoor. With 35 < T e /kK < 45, sdOB stars show showing both neutral and ionized helium lines and have surface chemistries ranging range from heliumweak to extremely helium-strong. Most lie close to the helium main sequence. The formation and evolution of hot subdwarfs is not fully understood, with one problem being the num-ber of subclasses observed. Several potential evolutionary tracks have been proposed, including a late helium flash in a post-giant star (Brown et al. 2001; Miller Bertolami et al. 2008) , common-envelope binary evolution (Han 1998; Ivanova et al. 2013) , or a white dwarf merger (Iben 1990; Saio & Jeffery 2002; Zhang & Jeffery 2012 ). Identifying to which track a given hot subdwarf belongs is not always possible. By measuring detailed photospheric chemistries from the large amount of spectropscopic information available at ultraviolet wavelengths, we aim to improve the diagnostics available to separate the otherwise degenerate tracks.
A previous analysis of two sdOB stars, PG 0909+276 and UVO 0512-08, showed them to be hydrogen-weak, with extreme super-solar abundances of metals with atomic number Z ≥ 18 (Edelmann 2003; Geier 2013) . Both being bright in the ultraviolet, new high-resolution ultraviolet spectra have been obtained with the Hubble Space Telescope (HST) in order to better determine the surface chemistries of these two stars. A key goal was to identify and measure species additional to those measure from optical spectra. A detailed analysis of these spectra will be published elsewhere (Wild & Jeffery 2017 ). This poster paper presents preliminary results. 
Aim
It has been suggested in the analyses of other chemically peculiar, hydrogen-poor sdB stars (Naslim et al. 2013 ) that extreme over-abundances of heavy elements are primarily due to enrichment of the stellar atmosphere by selective radiative levitation of specific ions such that these ions form layers (strata) of high concentration in the line forming region of the photosphere. We analyse data from three spectroscopic regions (optical, and the near and far UV), and extract chemical abundances from each. Our primary aim is to measure abundances for as many elements as possible with the atomic data available by applying local thermodynamic equilibrium (LTE) stellar atmosphere models. UV analysis is not typically performed on hot subdwarfs, as the UV spectra are extremely blended, with many unidentified lines having no atomic data. This makes abundance measurement from either single lines or blends a difficult process.
Observations
Observations were obtained with the Hubble Space Telescope' HST Imaging Spectrograph (STIS) under Guest Observer programme #13800 in both near ultraviolet (NUV) and far ultraviolet (FUV) wavelength ranges. Pipeline reduced data products were obtained from the Space Telescope Science Institute online archive. We also used low-resolution ultraviolet spectrophotometry from IUE, and high-resolution optical (OP) spectra from the Fiber-Optics Cassegrain Echelle Spectrograph (FOCES) mounted on the 2.2m telescope of the DeutschSpanisches Astronomisches Zentrum at the Calar Alto Observatory, Spain. The latter were obtained and analysed by Edelmann (2003); Geier (2013) . Details are given in Table 1 .
Modelling Techniques
We generated a grid of model atmospheres with typical sdB metallicity and varying effective temperature (T e ), helium number fraction (n He ), and surface gravity (g). This was used to fit the basic parameters for each star ( Table 2) . The package used for computing model atmospheres and theoretical spectra and for fitting these to the observations is - (Jeffery 2003; Winter 2006) , which includes (Behara & Jeffery 2006) , (Jeffery et al. 2001a) , _ (Jeffery 1991) and (Jef- ). These assume that the atmosphere is semi-infinite, plane parallel, and in radiative, hydrostatic, and local thermodynamic equilibrium. A new model with the appropriate parameters was generated and used to synthesise high-resolution synthetic spectra in which different chemical abundances could be varied. These spectra were used to fit metal abundances to the data, using a Levenburg-Marquardt downhill simplex algorithm. A value of 5 kms −1 was adopted for the microturbulent velocity, representing a maximum allowed by the line profiles. Similarly, the metal lines are sufficiently sharp that they constrain the projected rotation velocity v sin i < 2kms −1 .
Atomic data
To supplement atomic data used in the analysis of other chemically peculiar subdwarfs , we used the University of Kentucky atomic database (Aggarwal et al. 2017), augmented to include data on Zn, Ga, Ge, Sr, and Ba from Rauch et al. (2015) . Where duplicate lines were found, the latter was preferred due to being a database specific to those elements. The resulting data set was then merged with the atomic database maintained by Kurucz (Smith et al. 2016 ) and again, when duplicate lines were found, data from the latter were preferred. We also investigated Pb lines using theoretical oscillator strengths from Alonso-Medina et al. (2011) . These data were extracted and merged into our customized atomic line database. Because both target stars have T e ≈ 40 000 K, there are substantial contributions from highly ionized species. Since the conditions that produce these ions are difficult to recreate in the laboratory, there is often either little or no data available for their spectra. Therefore, in both stars, there are large numbers of observed lines for which there is no match in our database. For example, when analysing the far UV region of PG 0909+276, a total of 736 lines were successfully used to extract abundances. This is only 20% of an estimated 3,600 lines seen in the spectrum (Figure 2 ). This leaves the majority of the information we could potentially extract unknown, and an obvious gap in knowledge for atomic physics to target in future research.
Results
For both stars, optical spectra show large sections that have either weak or no lines, although Edelmann (2003) notes that the optical spectrum of UVO 0512-08 contains many more lines than expected from a hot subdwarf. With several strong hydrogen and helium lines, and isolated lines of other species, the optical spectra provide the most robust means to determine basic parameters (Figure 1 , Table 2) and to estimate abundances of some key elements. However, ultraviolet spectra are required to measure the abundances of most iron-group elements. So far, we were able to determine the abundances of 17 species heavier than helium, in PG 0909+276, and 20 in UVO 0512-08 (Table 3, Figure 3) .
Elemental abundances are given in logarithmic form as:
where c is determined such that log Σ i µ i ϵ i + c = log Σ i µ i ϵ i⊙ + c ′ = 12.15 and µ i is the atomic mass of element i. On this scale, the log solar abundance of hy-drogen is 12.00 (by definition), and of iron is 7.50. Abundances relative to solar are denoted by square brackets: e.g.
[C] = log(ϵ C /ϵ C⊙ ). In both PG 0909+276 and UVO 0512-08, all observed elements with Z ≥ 18 have abundances that are enriched compared to solar, and elements with Z < 16 were seen to be within ±1 dex of solar, except for silicon ([Si] = −1.56 ± 0.20 and −2.51 ± 0.40 in PG 0909+276 and UVO 0512-08, respectively) and phosphorous. However, the overall trend in abundances at Z < 18 is unclear, since several elements with Z < 14 show no lines at observed wavelengths. We observe roughly solar carbon and nitrogen, consistent with the majority of sdB stars.
Although most sdB stars have elevated iron-group abundances, iron itself is generally very close to solar (Geier 2013) . This anomaly also extends to the chemicallypeculiar sdBs analysed so far, although this is the first time that measurements have been possible from the ultraviolet. In contrast, we find that UVO 0512-08 appears to be enriched in iron, with a mean [Fe] = +1.07 ± 0.04.
We observed two Pb lines in each star, yielding lead abundances of log ϵ Pb = 4.29 ± 0.12 in PG 0909+276 and 4.22 ± 0.13 in UVO 0512-08. These values are ∼ 2 orders of magnitude enriched relative to solar (log ϵ Pb⊙ = 1.75 ± 0.10), and roughly typical of values observed in normal sdB stars. Neither star may therefore be described as leadrich as, for example, UVO 0825+15 ).
Conclusion
We have carried out an atmospheric fine analysis of two hot subdwarfs known to be strongly enriched in some irongroup elements. This analysis uses new high-resolution ultraviolet spectroscopy in order to measure abundances of elements not seen at optical wavelengths. The interim result is that lead is enhanced relative to solar, but no more that in other "normal" hot subdwarfs, while other irongroup elements are confirmed to be over-abundant by 1 -4 dex. Additional elements have been investigated and are discussed in detail by Wild & Jeffery (2017) . Evidence for how these over-abundant species are distributed vertically through the photosphere has still to be obtained.
